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Abstract 
The H2020 project ‘MORE-CONNECT’ will develop and demonstrate technologies and components for prefabricated modular 
renovation elements, including the prefab integration of multifunctional components for climate control, energy saving, building 
physics and aesthetics, with advanced easy to use plug&play connections (mechanical, hydraulic, air, electric, prefab airtight 
joints). MORE-CONNECT will develop tailor-made renovation concepts, in a standardized industrialized manufacturing process 
but with the possibility of n =1 series which will be offered in a one-shop-stop concept to the end-user, with a NZE performance, 
a maximum return on investment less than 8 years and with a a the total renovation time less than 5 days. 
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1. Introduction 
The social and environmental urgency of large-scale integrated retrofitting of the European building stock is widely 
acknowledged and supported by Member states. However, the European building sector has not been able yet to devise 
a structural, large-scale retrofitting process and systematic approach. The main reasons for this deadlock are: 
- the European building sector is fragmented and not able to offer holistic, integral solutions for nZEB deep 
renovation toward nearly Zero Energy Building (nZEB) for reasonable costs and good quality; 
- the European building process is typically based on a ‘layered’ structure, with many labour actions on the 
buildings site, with many sub disciplines involved, leading to extra costs and failure risks; 
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- the European building market is typically top down and supply driven, with a mismatch between the offered 
products and the end-users needs and the end-user's affordability; 
- due to long-lasting renovation process and failures risks during that process, customers hesitate to renovate their 
property; sometimes high operating cost are more acceptable for owners-residences than deep renovation with 
low exploitation/ energy costs; a faster and quality guaranteed renovation solution is needed. 
One possible solution to overcome these barriers is to change the traditional renovation process as a time and cost 
consuming tailor-made process on site to a process with an extreme high grade of prefabrication. The application of 
prefabricated multifunctional renovation elements have the potential to reduce costs, reduce the renovation time and 
disturbance for occupants and, at the same time, enhance quality and performances, both in terms of energy efficiency, 
building physics as indoor climate. The potential of these prefabricated deep renovation solutions have been 
investigated for the first time on large scale within IEA EBC Annex 50 Prefabricated Systems for Low Energy 
Renovation of Residential Buildings (2006 -2011) [1]. 
Also the European Commission acknowledges the necessity of prefabrication of modules for building renovation. In 
2014, in the Horizon 2020 Programme a specific call was launched on this issue in Energy Efficiency (EE1: 
Manufacturing of prefabricated modules for renovation of building). The specific scope of this call was the 
investigation of innovative mass manufacturing processes to lower pre-fabrication costs and ease building integration 
processes, where also the aesthetics of existing buildings should be taken into account. This requires the development 
of new controlled processes and cost-effective automated/robotised tools. These innovations should be combined with 
integrated processes and the use of advanced computer based tools like Building Information Modelling which will 
facilitate the industrialisation of the whole construction process and integrate the value chain over the life cycle of the 
project. Moreover, the criteria and methods for evaluation of the benefits should be transparent and simple. In this call 
the MORE-CONNECT project is the first one which has been contracted. The challenge of the MORE-CONNECT 
project is to make  this major step forwards in deep renovation by the application of prefabricated modular building 
elements by a combination of product innovation, process innovation and innovative market approach, in a process of 
cost and quality optimization. This paper gives an overview of the objectives, the approach and some preliminary 
results of the H2020 MORE-CONNECT project 
2. The objectives of the MORE-CONNECT project 
More-connect has four main objectives: 
1. The development of cost optimal deep renovation solutions towards nZEB concepts with the possibility of extra 
customize  (cost-effective) features 
MORE-CONNECT will develop a set of optimal configurations of energy efficiency and renewable energy systems 
for nZEB renovation concepts. These concepts will have a certain balance between demand reduction and renewable 
production, looking for the most optimal mix within the range of term ‘nearly’ in Nearly Zero Energy including aspects 
as cost-efficiency and embodied energy. Much input will be given by two recent IEA EBC studies, i.e. IEA EBC 
Annex 56 ‘Cost effective Energy and Carbon Emissions Optimization in Building Renovation’ and IEA EBC Annex 
57 ‘Embodied energy’ 
2. The development and demonstration of  prefabricated multifunctional modular renovation elements in series of 
1 concepts, in a mass production process  
MORE-CONNECT will develop and to demonstrate prefabricated, multifunctional renovation elements for the total 
building envelope (facade and roof) and installation/building services. These elements can be combined, selected and 
configured by the end-user, based on his specific needs. The configuration can be made on the basis of a pre-selection 
of elements, based on the specific properties and measures of his home inventoried by advanced geomatics with 
various aesthetic and architectonic appearances. As input into advanced Building Information Modelling systems it 
can control and steer the further production process of these elements. In this way unique series of one can be made 
in a mass production process for the same reduced price of mass production. 
3. The development and demonstration of new fully automated production lines for multifunctional modular 
renovation elements  
MORE-CONNECT will develop new designed automated production lines that effortlessly support line production 
that is effective on series-1 as well as large series and seamlessly combine into mass customization principles; aimed 
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at supporting prefabrication for extreme retrofitting of homes. This extreme automation makes it possible to produce 
end-user-defined (by choice) integral products efficient in small (1) as well as large series. This is done by machine 
instructions from automated computerized numeric control instruction generation based on Building Information 
Modelling BIM and in-situ measurements. Plant management is organized in software solutions that support line-
balancing as well as JIT (just in time) and flow. Line design needs to support scalability in product complexity, support 
of more than one product-market combination and output. This will lead to a blueprint for the design and structure of 
a platform for a fully automated production line, as a further basis for product-market-combinations in several 
countries.  
4. The offering of a one-stop-shop to the end-user to renovate their homes 
One of the main problems for a European-wide market uptake of deep renovation is the lack of interest and 
understanding for the end-users. The only questions that an end-user has is, ‘what do I get, what does it cost and what 
does it gain to me’? MORE-CONNECT will tackle this problem by offering a so called one-stop-shop concept for the 
end-user.  In this ‘one-stop-shop’ proposition the end-user will deal with only one party, responsible for the total 
renovation, starting from an inventory of the existing situation, inventory of specific end-user demands, translation 
into modular renovation kits, mounting and installing, financing and aftercare. The high level of prefabrication and 
the use of smart connectors (mechanical, hydraulic, air, thermal, electrical, ICT) will limit the actual renovation time 
on site to a maximum of 5 days with a goal for an average of two days, including the complete or partial removal of 
the existing facades and roofs or other elements. During the renovation the occupants can stay in their homes and have 
a minimum disturbance. The end-users will get a guaranteed energy cost proposition for their renovated homes, based 
on their individual household profiles. This guarantee is possible by the high level of quality control during the 
production process and the monitoring of performances of the most essential parameters related to energy use 
(ventilation, heating, indoor air temperature, micro climate conditions, electric appliances etc.) and remote diagnostics 
of the most important installations and building services. 
 
3. Product innovation  
 
To come to a real transition in the approach of deep renovation of the existing building stock in Europe it is necessary 
to address product innovation as well as process innovation. This must be done within a well considered process of 
cost, environmental and quality optimisation, focused on nZE concepts on one hand and the needs and perception of 
the end-user on the other hand. Product innovation is the first step to make and includes the selection of sustainable 
materials and sustainable detailing based on LCA, including recycling of materials, biobased materials, flexible,  
disassemble, and the use of secondary  materials. The technologies and components, necessary to come to a NZEB 
renovation will be combined and integrated as much as possible in multifunctional elements. Low embodied energy 
will be a criterion in the design and development. Three main types of modular elements are: 
- Modular facade elements, combining all facade functions like thermal insulation, acoustical insulation, moisture 
safety, water and air tightness, daylight and solar shading, ventilation (preferably with heat recovery, heating (and 
cooling) emission systems, fire safety, burglary protection, architectural quality and visual upgrading of the 
neighbourhood. Extra features can be added such as heat storage (PCM’s) and renewable energy production on 
facades (BIPV). 
- Modular roof elements, including productive outfitting for renewable energy production, rainwater collection. 
- Modular ‘engines’, combining all necessary installations and building services in one prefab unit, with easy plug 
and play connections for installing. 
All the separate components, necessary for a complete deep renovation for nZEB, are market ready, proved and 
available. However, these components are designed as standalone elements. There is no optimisation of production 
and use of material trough integration in multi-functional building elements.  The real innovation to be made is the 
integration of several technical components, corresponding with the function of the specific element, in 
multifunctional elements for the facade, the roof and the installations. Special attention is given on ventilation with 
heat recovery and local energy production on site. Special point of attention is that components, as part of renovation 
concepts needs specific connection materials and are often assembled on the building site. Current connections now 
needs space, connection materials, specialised tools and especially need time to install on the building site. Next to it, 
connections are often a weak point and increase the chance of failures. A re-design of components and renovation 
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concepts for industrial assembling the component for reducing the amount of materials, time and cost is necessary.  
As there no easy Plug & Play connections for ultra fast installation, a set of smart Plug & Play connectors (mechanical, 
hydraulic, air, electric, ICT) will be developed. 
 
4 Process innovation 
 
The second step is process innovation. The multifunctional elements will be produced and offered as tailor-made 
solutions for individuals as well as for housing companies, in mass production with the possibility of ‘n is 1 series’. 
This needs a process innovation. This process innovation is achieved by three steps: 
1. The use of advanced geomatics to make inventories and gauging of buildings and buildings stock.  
2. Web-based and/or digital decision tools will link building characteristics, building (energy) potentials, end-users 
demands to program requirements, technical solutions, component combinations in concepts, production 
automation.  
3. This will be processed in BIM systems for the steering of industrial processes and for enhanced quality assurance.  
Prefab concepts are already available, but mostly until now only developed for specific large scale projects. These are 
often fixed concepts, typically offered by supply side of the market and on project base. There is often a mismatch 
with the end-user needs as there is no individual configuration possible of industrial produced concepts by the end-
user. This is typical for the market of renovation concepts (as well as the traditional construction of new buildings) as 
this is a fully supply-driven market. There is no structural influence of the end-user on the composition of the concepts.  
The innovation to be made is that the functionalities of industrial produced renovation concepts and aesthetics can be 
configured by the end-user. This should give an opportunity that is comparable if a customer buys a new car or kitchen: 
he can make his own configuration on the internet, within a certain platform based on his specific dwelling. Therefore 
tools will be developed to inventory the wishes  of the end-user and to translate these wishes into a programme for 
seceding and producing the concept.  
Advanced Geomatics and/or digital databases of building stock, to inventory and measure the existing situation and 
possibilities. From this inventory, a vision of the existing situation can be made, as well as a number of varieties of 
elements in architectural and aesthetic possibilities, suitable for application on the existing frames.  The end-user can 
compose his own new facade within a certain aesthetical and technical allowable range. To determine the range,  the 
bandwidth of solutions will be determined by supporting research for a standardised solution for the load bearing 
structure of the element, in combination  with components integration and optimisation from materials point of view: 
composition, materials choices and embodied energy and an optimisation of insulation level thickness in combination 
with renewable energy production devices. By separating functionality from aesthetics in the development/design 
process (separate phases) consumers can be shown that their needs are affordable and reachable in the combination of 
function and design.MORE-CONNECT has several industries in the consortium (one or two per participating 
country). These industries will develop new product lines for mass customization, applied in an extreme automated 
line-production in a ‘series of 1’  supporting production facility. These automated production lines support a line 
production that is effective on series-1 as well as large series and seamlessly combine into mass customization 
principles; aimed at supporting prefabrication for extreme retrofitting of homes.  
 
5 Definition of Nearly Zero Energy within MORE-CONNECT 
 
A boundary condition for MORE-CONNECT is that the developed concepts will be nearly zero energy. The first task 
in the project, which now is completed is an inventory of initial performance criteria [2] and the consensus on the 
definition of nearly zero energy. The Energy Performance of Buildings Directive recast (EPBD recast, 2010) defines 
nearly zero energy building as a building that has a very high energy performance and requires the calculation of 
primary energy indicator. The nearly zero or very low amount of energy required should be covered to a very 
significant extent by energy from renewable sources, including energy from renewable sources produced on-site or 
nearby. Although experience has shown that such buildings can be realized in practice, there exist many challenges to 
drive the whole market in this direction. One specific challenge concerns the compliance of buildings to nZEB 
requirements, in particular how to ensure they actually comply with applicable regulations or programme 
specifications. The directive requires nZEB, but since it does not give minimum or maximum harmonized 
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requirements as well as details of energy performance calculation framework, it will be up to the Member States to 
define what these for them exactly constitute. 
For any low energy or zero energy building definition or indicator, it would be necessary to specify which energy 
flows are included in the definition and which ones not. Either all energy used in the buildings may be taken into 
account, or some energy flows, such as electrical energy use of occupant appliances may be excluded. Such energy 
flow specification is called as system boundary and it provides a general framework for energy indicators. Inside the 
boundary the system losses are to be taken into account explicitly, outside they are taken into account in the conversion 
factor (=primary energy factor). Technical building systems located partly outside of the building envelope are 
considered to be inside the system boundary. Kurnitski et al. [3] proposed energy boundary is modified from EN 
15603 and as stated in EPBD recast, renewable energy produced on site is not considered as part of delivered energy, 
i.e. the positive influence of it is taken into account, figure 1. Energy need represents energy need in a building for 
heating, cooling, ventilation, domestic hot water, lighting and appliances (if appliances are included in the system 
boundary). Energy need for heating is caused by heat losses and is reduced by solar and internal heat gains. Net energy 
need is the energy need minus heat gains, i.e. thermal energy without any system losses needed to maintain indoor 
climate conditions. For the lighting and appliances electrical energy is needed. Delivered energy to the building is grid 
electricity, district heat and cooling, renewable and non-renewable fuels. On site renewable energy without fuels is 
energy produced from active solar, wind or heat pumps (and from hydro if available). Primary energy use is calculated 
from net delivered energy, per energy carrier, as product of primary energy factor and net delivered energy of that 
energy carrier. 
 
Fig. 1. Energy boundary of net delivered energy and how it forms from energy need, energy use of technical building systems, on site renewable 
energy production, delivered energy and exported energy. The box of “Energy need” refers to rooms in a building and both system boundary lines 
may be interpreted as the building site boundary (Kurnitski et al., 2011). 
 
6 First outcomes 
 
The main expected outcomes of MORE-CONNECT are: 
- the fully automated prefabricated modular facade and roof elements and installation platforms (‘engines’) for each 
geocluster; these will be available by the end of 2016; 
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- blue prints for fully automated BIM controlled production lines by the end of 2018; (and one production line 
already fully operation by then). 
The testing of the prefabricate elements will start in the second half of the project (2017 and 2018).  However, the 
first prototypes are already developed and applied now in Heerlen, The Netherlands. This concerns two Dutch 
dwellings from the 60’s which are fully retrofitted with modular prefabricated integrated roof and facade elements to 
a net zero-energy level (including lighting and appliances). The facades include integrated combined heating units 
(convectors) with decentral demand and CO2  controlled mechanical ventilation units with heat recovery. The roof 
elements have 40.0 m2 PV panels for 6.4 kWp. A fully prefabricated installation box (engine) contains an air-to-air 
heat pump, boiler, mechanical exhaust fan and PV converters. This box is placed in the roof and can be accessed an 
replaced from the outside. In case of maintenance or replacement no access or activities in the dwellings are 
necessary, thus minimizing the disturbance for occupants. 
 
  
Fig. 2. Prefab installation platform, placed in an integrated PV roof 
Although all elements are prefabricated, the production process was not fully automated yet. Also the connections 
between the elements were still ‘hand-made’ (no smart connectors yet).  This will be further developed and improved 
within the MORE-CONNECT project. A monitoring program on all energy flows as well as on thermal comfort is in 
progress now and will be used as a baseline for the further developments in MORE-CONNECT. 
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